Countries differ in their innovative performance. Porter (1990) has shown that commercial innovative activity is not spread evenly across nations. But countries differ also in other indicators of innovative output: number of patents registered, new products and processes developed, new firms founded in new promising sectors, successful marketing and commercialization, and their trade balance in high-tech products.
Economic Affairs 1995 and 1997) indicate that patterns of industry specialization also exist in the Netherlands. Citation index data indicate that, compared to the OECD average, Dutch research clusters in broadly similar areas to those seen in Germany: materials, civil engineering, chemical technologies, agrosciences, industrial engineering and chemicals. Data on Research and Development (R&D) intensity reveal that investment in high-technology industries such as computers, information technology and electronics is low in the Netherlands. Sweden and Denmark share broadly similar profiles. The UK, Canada and Australia, on the other hand, appear to share patterns of sectoral specialization resembling those in the United States (Hall and Soskice 2001) . France, on the other hand, appears to have a relatively distinct profile -performing relatively poorly in process-oriented industries, but well in industries characterized by mass production (automobiles) and industries in which large-scale systems integration, often organized by the state, is important (nuclear power, high speed trains) (Amable and Hancke 2001) .
Such differences in innovation output have traditionally been explained in the economics of innovation by differences in input: amount of investment in Research and Development, capital investment in general, supply of qualified labour, and so on. In so far as institutions were included in the analysis, they were mainly perceived as impediments and constraints: to flexibility, change, adaptation, innovation. The policy prescriptions were predictable, simple and repetitive: the government should stimulate firms to invest more in R&D, in part by doing so itself, or by subsidizing private investment; and regulatory straightjackets should be deregulated. A low score on expenditures on R&D or on university education in an innovation benchmark study is often an occasion to plead for more of such expenditures.
However, input factors alone cannot explain national differences in innovative performance. While R&D related public expenditures have varied over time across various countries, the sectoral specializations of countries appear to have been quite consistent over time. The patent specialization patterns in Figures 1.1 and 1.2 have been quite stable. Even ongoing economic internationalization and liberalization have not affected these differences. On the contrary, the data in the figures indicate that the degree of specialization has consistently increased between 1983-84 and 1993-94 . In virtually every category where German or US firms held a relative patenting specialization during 1988-89, it had increased in 1993-94. Country specializations are even more stable than indicated by these data, which compare only a decade. Germany has continued to be enormously innovative in industries in which it was already competitive before World War II and even in the 19th century: paper, printing, materials, machinery, electro-technical products, motor vehicles, chemicals and textiles. However, it has been much less successful in newly emerging complex, knowledge-intensive industries such as biotechnology, electronics and aircraft manufacturing. The Americans, in contrast, have in more recent years made radical innovations in these and other industries which have short product life cycles and are based on rapidly changing and complex technologies. In doing so, they have also succeeded in creating totally new industries with significant economic impact.
A second argument why inputs cannot be the explanation is that there are even important cases of an inverse relation between R&D expenditures and successful commercial innovation and economic performance. The European White Paper on Growth, Competitiveness, Employment (European Commission 1994) and the Green Paper on Innovation (European Commission 1995) identified what has become known as the European paradox: notwithstanding its relatively high expenditures on R&D, the European economy is characterized by an 'insufficient capacity to innovate, to launch new products and services, to market them rapidly and, finally, to react rapidly to changes in demand' (European Commission 1995: 7), or a 'comparatively limited capacity to convert scientific breakthroughs and technological achievements into industrial and commercial success' (European Commission 1994). The reverse is also found, and has been called the Austrian paradox, after the country that exhibits this combination of low R&D expenditures but nevertheless very strong economic performance.
NATIONAL SYSTEMS OF INNOVATION: INSTITUTIONS
The different patterns in innovative performance and sectoral specialization by country have attracted quite a degree of attention in recent years (for example, Archibugi and Pianta 1994; Pavitt 1994, 1996) . And they have posed new riddles to be investigated. Why are some countries more innovative than others? And in other fields? Why do some countries, time and time again, create totally new products and new industries while others rarely create either? Why do some countries make radical innovations but fail to market them successfully, while others make more incremental innovations, yet have more commercial success? Why do countries differ in their styles of innovativeness and in the industries in which they have been successful? The differences between countries suggest that nation-specific factors shape the innovation processes. Nationally specific structures of organizations and institutions may make the difference. And unlike in traditional economics of innovation, institutions -read regulations -may not only, or not so much, be constraints, as also challenges for innovation. They may structure the possibilities as well as the incentives, and the amount and appropriate nature of the supply of resources, which all affect the effectiveness of firms in building up the organizational competencies needed for innovation, especially in sectors experiencing rapid technological change.
In a seminal study, David Landes (1969) argued that Germany was so successful in the second industrial revolution because of the characteristics of its education and research systems, which were lacking in Britain and elsewhere. This helped Germany to create new industries based on chemistry and physics. More recently, authors such as Freeman (1987) , Nelson (1987 Nelson ( , 1988 Nelson ( , 1993 , Porter (1990) , Lundvall (1992) and Edquist (1997) have coined the concept of a 'national innovation system' (NIS) to describe such an institutional environment. Richard Nelson (1993) , for example, coordinated a cross-national, multi-authored comparative study of national innovation systems. The authors in these studies have looked for answers in the institutional make-up of different societies. However, they have restricted their attention mainly to the 'institutions' (that is sectors of society) that provide the immediate relevant resources for innovation: finance, skilled personnel and public knowledge. In other words, they have focused on banking and finance, training systems, public research institutions and the science and technology policies of the state. However, this is only a rather limited initial investigation of the relevant institutional environment. What needs to be done is:
1. Look more into the black box in which innovation inputs are transferred into innovation outputs (that is, inside the limited amount of variables that NIS research has looked into): number, size and types of organizations that do the innovating (usually firms), their intra-and inter-organizational structures, their innovation strategies and their learning capacity, given that innovation involves learning processes. 2. Identify and analyse a still broader institutional framework (also outside the limited amount of variables studied in NIS research). This requires a more sociological use of the term institutions, as 'social rule systems'. Which social rule systems in a society structure or influence: a) the organizations involved in innovation; b) their mutual relations -markets, inter-firm relations like joint ventures, alliances, associations, or more generally the relation between competition versus coordination in interorganizational relations; c) their supporting institutions; d) the incentive structures in both. To what extent do these elements mutually support and reinforce each other, that is, do they have a systemic character (inhibiting the transfer of a single element to another society where these elements will find themselves in a different context)? 3. Elaborate and explicate the relation between innovating business organizations and institutions. Our aim should be to understand better the interface between institutions, organizations and innovation. How do institutions influence the process of innovation, among other things through the organizations involved? How is the institutional framework linked to the supporting institutions of finance, training and knowledge production, and these in turn to firm structures and strategies, including inter-firm relations? How do institutions give rise to different types of firm-organizations, to different types of products, to innovation of these, and, ultimately to the competitiveness of specific countries in various product markets? How do they structure the options and incentives in innovation strategies? On the whole, the organizational perspective has been concerned with the influence of internal characteristics of organizations on innovative activity. This literature has generally not given much attention to the way the institutional environment of organizations influenced their structures, and in turn, innovations within organizations (see Walton 1987; Lanciano et al. 1993) . To be sure, there are organizational analysts who have studied the institutional environment within which organizations are embedded (among others Zucker 1987; Granovetter 1985 ), but they have been less concerned with how the institutional environment of organizations gives rise to particular organizational structures which are associated with specific industries, and their performance with specific links in the chain of innovation. 4. Investigate how these 'systems' of organizations and institutions persist over time and at other times change, and under which conditions they do so. How important is path dependency, that is, are present sectoral specializations of countries still the result of past choice and past contingencies?
The studies in this book will investigate these issues within the context of 'national innovation systems'. We do so by scanning quite a variety of literatures -which often exist next to each other, without knowing much about one another -to see what they have to offer to clarify the organizational and institutional dimensions of 'national innovation systems' and what they can or could add to an explanation of the national differences in innovative performance and sectoral specialization found.
THE IDEA-INNOVATION CHAIN
Most of the chapters structure their investigation of the literature around the concept of the idea-innovation chain (Hage and Hollingsworth 1997) . This concept refers to the linkages between scientific research and the industrial innovation chain (Ballard et al. 1989) . The idea-innovation chain consists ofloosely to tightly connected -networks of (sub)organizations involved in the various functional domains (classes of required competences) of the innovation process: basic research, applied research, product development, manufacturing, quality control and marketing. Each of these functional domains or stages in the innovation process can be further subdivided, for example:
1. Basic research:
• monitoring of advances elsewhere in the scientific environment The concept of an idea-innovation chain does not necessarily imply a uni-directional or linear relationship, nor merely a sequential interdependence between its various components. In some stages of the development of science, in some industries and in some countries, innovations may well be organized according to such a linear model of innovation. However, the development of technologies has often predated the scientific knowledge underlying the production processes. As Richard Nelson (1993: 7) reminds us, 'The advent of new technologies often leads to scientific work aimed at understanding these technologies'. Also, new instrumentation has led to new agendas in science and even the creation of new industries, as is the case with the development of gene splicing and gene sequencing instruments for example. With the emergence of science-based industries, a new mode in the production of knowledge has been observed which is characterized by the fact that technology and science are closely intertwined (Gibbons et al. 1994) . In this 'mode II' of the production of knowledge, innovation is often a process of moving back and forth between invention and/or design, development and testing, redesign and evaluation of market potential (Kline and Rosenberg 1986) . What is more, engineers have their own path dependencies and cultural resources which provide the impetus for much of their own innovative activity. New instruments and materials frequently evolve from older ones. In short, new science builds on old science as well as on new and old technology. In terms of the typology of interdependencies of Thompson (1967) and Mintzberg (1979) one could say that the idea-innovation chain is characterized not only by -and not by so much -'sequential interdependence', as well as by reciprocal (with feedback loops) and pooled interdependence.
To express these interdependencies, one could perhaps also better speak of an innovation cycle rather than a chain, as Nooteboom does in this study (Chapter 5); in his terms this is a cycle of exploration (involving basic and applied research and product development) and exploitation (manufacturing and marketing). systems of innovation literature: the supporting institutions, or the sectoral sources of resources (capital, labour, information and knowledge) from which the firms in the idea-innovation chain have to acquire their resources. 4. Institutions 2. The national institutional frameworks, which structure the sources of sectoral resources. In most cases a specific set of institutions structures a particular sectoral source of resources, for example, finance: structured by the system of banking, financial markets, regulation of financial markets and corporate governance. These 'framing' institutions form a cluster together with the direct sectoral sources of resources. 5. The meta-institutions that influence the national institutional frameworks.
The most important are: a) regulation and the legal system; b) national cultural values. 
Introduction
We believe that the idea-innovation chain concept can be used as a research tool to facilitate comparative institutional analysis on innovation. Within this scheme institutions at different levels of analysis are explanatory variables, ultimately impacting on patterns of performance across sectors within particular countries. Organizational structures may be thought of as the basic unit of analysis within idea-innovation chains, and also often have explanatory power as intervening variables (as stressed in particular by organizational sociologists). Schematic representations of the structuring of particular competencies may serve as a focusing device to understand relationships between institutional contexts, organization and performance. Structured comparisons of the organization of competencies within idea-innovation chains, for example across similar sectors in different nations or across different sectors within one country, should help reveal problems that may be explained through comparative institutional analysis. For example, many have argued that the United States has a performance advantage in commercializing basic research, especially compared to more 'organized' economies such as Germany (see for example Casper 2000) . Through examining the organization of university-industry relationships within the context of the idea-innovation chain across a sector such as biotechnology, differences in the structuring of technology transfer processes may be revealed, facilitating further institutional analysis.
THE DIFFERENT LITERATURES
A key problem impeding research linking innovation processes to institutions is intellectual fragmentation across the relevant fields of study. For example, organizational sociologists and institutional economists have both examined aspects of the innovation process, but in doing so have identified dramatically different 'problems' that typically hinder successful innovation. Organizational sociologists have proposed a number of useful concepts, such as the amount of 'differentiation' within organizations, the 'coupling' of various units involved in key processes, or the degree to which organizations have an 'organic' as opposed to a hierarchical structure. Institutional economists, on the other hand, tend to examine how the distribution of incentives and information within complex settings creates incomplete contracting problems, making it difficult for either simple markets or hierarchies to be used to orchestrate the innovation process. Institutional economists have examined how a wide variety of organizational forms (such as joint ventures and networks, as well as different types of incentive and measurement systems within large organizations) can be used to align the incentives of different actors within the innovation chain.
Similar intellectual fragmentation exists within the study of institutions. While scholars working within the fields of economic sociology and especially comparative political economy have developed sophisticated treatments of why differences in national institutional frameworks continue to exist in a rapidly globalizing economy, few scholars within these disciplines aim to employ macro-level institutional analysis to understand micro-level patterns of innovation. For this project to succeed, we must learn how to construct interfaces connecting innovation processes with institutional frameworks or structures. We need to examine carefully how firms and other organizational actors active within the innovation process engage institutional frameworks to solve problems. We wish to move beyond rather static explanations that in essence attempt to 'read off' the behaviour of organizations directly from institutional architectures. Rather, we see institutions as providing 'tool kits' that actors can use in a myriad of ways to solve organizational problems.
The design of future studies linking institutions, innovation and public policy requires an interdisciplinary approach. This requires taking stock of the literature in -and building upon the knowledge and insights from -a variety of fields of scholarship, such as the economics of innovation, institutional economics, industrial organization, organizational sociology, economic sociology, political economy, economic history, history of technology, law and sociology of law.
The 'theme group' on innovation, assembled at the Netherlands Institute for Advanced Studies in Wassenaar, comprised scholars from such a diversity of disciplinary backgrounds, but all with a common interest in innovation. They came from (institutional) economics, industrial organization, sociology (in particular economic sociology, political sociology and sociology of law), organizational theory, business administration and history of technology. For the present project they have contributed overviews of the relevant literatures that they are familiar with in the following chapters. We now present an overview of these chapters.
STRUCTURE OF THE STUDY
We have organized the study into four sections, to provide a general introduction to the field of national innovation systems and then explore different levels of analysis, as seen through the idea-innovation chain concept.
The first part of the book, including this introductory chapter, examines general exploratory frameworks used to examine national systems of innovation. Following this introduction, the second chapter focuses on our core dependent variable from the idea-innovation chain framework:
performance. This chapter, written by Brigitte Unger, examines problems of measuring innovative performance. As we do not do an empirical investigation here we have chosen not to present comparative performance data. However, in line with the literature survey approach, Brigitte Unger presents an overview of the literature on performance indicators, and discusses the pros and cons, the advantages and problems connected with indicators for the performance of different functional domains.
The following chapter, by Marius Meeus and Leon Oerlemans, provides an overview of the extensive literature on national systems of innovation. The chapter emphasizes the diversity of research in this area, using comparisons of national innovation studies developed by economists, organizational theorists and innovation experts to examine a wide range of concepts, ranging from the innovativeness of regional economies, to technology policy, to the innovativeness of firms. Meeus and Oerlemans help make sense of the increasingly vast landscape of national systems of innovation research, providing definitions, conceptual lenses, different levels of analysis and emergent trends within this research field.
In Part II of the book we deal with the inside of the black box: the organizations and clusters or networks of organizations that transfer inputs into outputs. Here we take a more micro-level view, focusing on how a variety of organizational characteristics and forms of inter-firm coordination promote innovation, primarily from the perspective of learning. We draw in particular upon organizational theory, institutional economics and the literature within the 'national innovation systems' approach that deals with organizational learning, and emphasizes the importance of proximity to learning.
The first of these chapters, by Jerry Hage, examines contributions from organizational sociology and administrative science to the study of innovation. A core concern of organizational sociology scholars is the increased decentralization of most competencies involved in commercial activities within the advanced industrial economies. Hage discusses the implications of increased decentralization on core organizational issues, such as complexity, types of organizational form (organic, mechanistic) and inter-organizational integration. This review examines the implications of increased differentiation and specialization of activities on the structure of organizations, networks of organizations and, finally, across the idea-innovation chain.
A second chapter on organizational analysis, by Bart Nooteboom, examines patterns of innovation and organizational learning as framed by the field of institutional economics. This chapter reviews a number of literatures from the field of institutional economics that discuss innovation in the form of different types of learning. The focus is primarily on inter-firm organization and the creation of relationships that may lead to 'interactive learning' while coping with a variety of economic dilemmas emphasized by economics of organization scholars, in particular the transaction cost school. Nooteboom also contrasts transaction cost theory with constructivist approaches to the theory of the firm and presents an overview of typologies of learning, theories of knowledge and cognitive complexity.
We conclude this section of the book with a second chapter written by Meeus and Oerlemans, evaluating literatures focusing on networks, interactive learning and spatial theories of innovation. Scholars interested in patterns of learning from sociological and institutional economics perspectives have both emphasized the importance of interaction, particularly within interorganizational contexts. In addition to a general 'systems of innovation' school based on Lundvall's concept of 'interactive learning', this approach has increasingly emphasized the spatial implications of innovation processes. Due to its strong micro-foundation based on interactive properties, these studies tend to be more narrowly focused than the institutional approaches found within the varieties of capitalism school, focusing primarily on patterns of inter-firm organization within different institutional contexts and the role of a number of public institutions (universities, technology transfer agencies and so on). However, because of the emphasis on learning and innovation, concepts developed within the broad systems of innovation approach are of central relevance for further research on idea-innovation chains. This review first provides an overview of patterns of organizational learning and competence formation from the interactive learning perspective, then reviews the literatures on regional systems of innovation.
Part III of the book shifts the focus of analysis to institutional theory. This section contains a chapter dedicated to recent trends in comparative institutional theorizing surrounding 'varieties of capitalism' and a chapter dedicated to law and regulatory analysis.
The chapter on varieties of capitalism, written by Steven Casper, J. Rogers Hollingsworth and Richard Whitley, provides an overview of the literatures on social systems of production and sectoral economic governance, and references to some of the comparative political economy literature on institutions. This literature helpfully points to differences in the institutional organization of advanced industrial economies that are linked to differences in patterns of industrial organization and industry specialization. It also points to key variations in particular institutional sectors of the economy, namely the financial system, industrial relations system, education and vocational training system and so forth, which are linked to differences in the innovative activities of firms.
Following the general overview of the varieties of capitalism approach, our second chapter on institutions, written by Frans van Waarden, examines more carefully how constellations of institutions within particular economies influence the structure of idea-innovation chains. It does so by selecting one concrete set of institutions for closer scrutiny, an institution that is both idealtypical (for institutions defined as social rule systems), has the character of a 'meta-institution' (in that it defines and forms most of the other societal institutions, such as finance, training, research and standardization), and can be directly used as an instrument of intervention, namely the legal system. This includes both statutory regulation (of different degrees of abstraction and aggregation), the styles by which regulations are implemented and enforced, and case law as produced by the courts. It scans the possible influence of civil law (property, contract, corporate governance), of tort and liability law, and of social and economic regulation on innovation. The chapter draws on the literature of the sociology of law, and much of this has been concerned with concrete legal systems.
Finally the concluding chapter, contained in Part IV of the book, summarizes the contributions of the chapters on organizational and institutional analysis to innovation studies. Regrettably enough, we could not devote separate attention to the third dimension, that of time and history. We merely point here again to the importance of path dependency on innovation, to the influence of traditions (often supported by well-established institutions) in sector specialization, technology and economic governance institutions.
